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[Name of Document] Specification 

[Title of the Invention] A voltage controlled oscillating circuit 

[Claims] 

[Claim 1] 

A voltage controlled oscillating circuit comprising differential amplifiers which have a 
pair of differential voltage input terminals and a pair of differential voltage output 
terminals and make the differential output of the amplified output of the differential 
voltage input onto the differential voltage input terminal to the differential output 
terminals is proposed. The differential amplifiers have differential amplifiers where the 
working current of differential amplifying is regulated by the input from a controlled 
input terminal. The differential amplifiers are connected in series and a ring shape as 
their working polarity is set opposite of each other of the differential voltage input 
terminals and differential output terminals of the differential amplifiers which are 
connected back and forth to one another. 

[Claim 2] 

A voltage controlled oscillating circuit according to claim 1, wherein current controlled 
input terminals of the differential amplifier are connected to one another, and the 
controlled input terminal is designated as an input and any single or multiple output 
terminals of the differential amplifiers are designated as the output. 

[Detailed explanation of the invention] 

[0001] 

[Industrial Applications] 

The present invention is related to a voltage controlled oscillating circuit. 
[Prior art technology] 

A voltage controlled oscillating circuit of a prior art technology was, for example (as 
shown in Fig 3), made of an inversion circuit as a ring oscillator, wherein each current 
controlled transistor was inserted in the VDD side and the VSS side of one inversion 
circuit and the oscillating frequency was controlled by controlling the currents flowing 
two current controlled transistors simultaneously through a controlled voltage input to 
the controlling input terminalll. 



[0003] 
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The working current of each inversion circuit in the prior voltage controlled oscillating 
circuit is a function of the input voltage of the inversion circuit, and is not constant. This 
is obvious from a viewpoint of the working principle of a CMOS inversion circuit. 
Therefore, the current running in a current controlled transistor 21 and 22 in the 
oscillating operation is not constant either. The through-current, which is running in the 
inversion circuit at twice the frequency as the oscillating frequency is supposed to run in 
a pulse wave. Therefore, the operation of the constant current saturated region is only 
requested for transistor 21 and 22 at the moment when the pulse current runs, and at the 
rest of the time, it is in a status of operation of a desaturated region. 

[0004] 

Looking at 23 and 24, which are the drain terminals of 21 and 22, the terminal voltages 
should swing with the pulse wave at twice the frequency as the oscillating frequency. In 
this case, the oscillating frequency is relatively low. There have been no particular 
problems. However, the following problems have recently been generated, when a higher 
frequency is required for oscillating. 

[0005] 

To raise the oscillating frequency at the same controlled voltage, it is necessary to make 
the working current large by making the current capacity [blank], with the current 
controlled transistor 21 and 22. But usually, doing this brings an increase in the physical 
dimensions of the transistor. An increase of the parasitic capacity in 23 and 24 has been 
made in proportion to this. As mentioned earlier, 23 and 24 have a voltage swing at twice 
the frequency as the oscillating frequency. Therefore, if the parasitic capacity is large, the 
parasitic capacity should work to decrease the oscillating frequency to prevent a high- 
speed voltage change. Judging from what was mentioned above, even if the current 
capacity of the current controlled transistor is increased to raise the oscillating frequency, 
the oscillating frequency should be limited and be low, due to the parasitic capacity. 
Further, because of the current running in the parasitic capacity, a problem also occurred 
in that the linearity of the oscillating frequency to the working current of the inversion 
circuit was lost. 

[Problems overcome by the invention] 
[0006] 

Because four (4) transistors are connected in series between the power sources in the 
prior voltage controlled oscillating circuit, there is a problem in that the voltage of the 
power source can not be lower than one particular voltage, to secure the voltage between 
terminals of each transistor. Therefore, it cannot correspond sufficiently to a lower 
voltage trend of the power source. Moreover, as two current controlled transistors are 
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used per one inversion circuit, an additional controlled voltage conversion circuit is 
necessary. This will provide following problems: 

[0007] 

When an AC signal is input into controlled input 11 of a prior voltage controlled 
oscillating circuit, the AC signal is transmitted as it is to the gate terminal of a current 
controlled transistor 22. A lag time of the controlled voltage will be generated between 
the gate terminals of 22 and 21, because of the signal transmitted to the gate terminal of 
the current controlled transistor 21 after passing the controlled voltage conversion circuit 
20. Even if input 11 is driven with enough low impedance, the output impedance cannot 
be too small, from a viewpoint of current consumption. Therefore, the output of the 
controlled voltage conversion circuit 20 is subject to influence by the oscillating and then 
there is a problem in that it is difficult to increase the stability of the entire oscillating 
frequency. 

[0008] 

Moreover, as mentioned previously, because the pulse shaped through-current is running 
at twice the frequency as the oscillating frequency in each inversion circuit, the higher a 
oscillating frequency is, the lower impedance of a power source needs to be. Otherwise, 
there is a problem in that the stability of oscillating is likely to be lost since the other 
circuit or the circuit itself is influenced by the power source noise with a result of noise 
being put into the power source. 

[0009] 

[Problem resolution means] 

A voltage controlled oscillating circuit related to the present invention comprises 
differential amplifiers which have a pair of differential voltage input terminals and a pair 
of differential voltage output terminals and make the differential output of the amplified 
output of the differential voltage input onto the differential voltage input terminal to the 
differential output terminals, wherein the differential amplifiers have differential 
amplifiers where the working current of differential amplifying is regulated by an input 
from a controlled input terminal. The differential amplifiers are connected in series and a 
ring shape as their working polarity is set opposite of each other of the differential 
voltage input terminals and the differential output terminals of the differential amplifiers 
which are connected back and forth to one another. 

Also, the current controlled input terminals of the differential amplifier are connected to 
one another, and the controlled input terminal is designated as an input and any output 
terminals of the differential amplifiers are designated as output. 



[0010] 
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[Embodiment] 

An embodiment of the voltage controlled oscillating circuit related to the present 
invention using 3 differential amplifiers is shown in Fig. 3. 1 is a differential amplifier. 
An example is shown in Fig,2, in case it is constructed by a CMOS transistor. 2 and 3 are 
differential input terminals, and 4 and 5 are differential output terminals. 6 is a current 
controlled input terminal. A voltage input to the terminal controls the working current of 
the working amplifier. An explanation will be omitted because the operation of this 
differential amplifier is widely known. 

[0011] 

In a voltage controlled oscillating circuit in Fig.l, the differential amplifiers are 
connected in a series and a ring shape, as their working polarity is set opposite to each 
other of the differential voltage input terminals and differential output terminals of the 
differential amplifiers which are connected back and forth to one another. And the 
differential amplifier is connected as to constitute a ring oscillator. Also, the current 
controlled input terminal of 3 differential amplifiers are connected to each other and 
constitutes the controlled input terminal 11 of a voltage controlled oscillating circuit. 12 
is an output terminal of a voltage controlled oscillating circuit. The output terminal can be 
any output terminal of any different amplifier constituting a voltage controlled oscillating 
circuit. Also in Fig. 1, one of output terminals of the differential amplifier is used for 
single end output, but both of output terminals of the differential amplifier can be used 
for differential output. Outputs of multiple differential amplifiers can be used for multiple 
output terminals simultaneously. 

[0012] 

The working status of the differential amplifier 1 in the oscillating status of a voltage 
controlled oscillating circuit will be described as follows. In the differential input 
transistors 9 and 10, current flows corresponding to the input voltage of differential input 
terminal 2 and 3, and the sum of both currents in the current controlled transistor 7. If the 
current controlled transistor 7 takes constant current operation in a saturated region by a 
direct current voltage given in controlled input 6, almost constant direct current should 
run in current controlled transistor 7. Therefore, the voltage of drain terminal 8 of the 
current controlled transistor 7 is kept stable, at an almost constant voltage without a 
sudden transformation in the pulse wave as in a prior voltage controlled oscillating circuit. 
As to use in a saturated region in the current controlled transistor 7, attempts to optimize 
between the constitution of differential amplifier 1 and the range of the controlled input 
voltage is easy because voltage 8 is almost constant. 



[0013] 
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It is not necessary to conduct rapid charge and discharge for the parasitic capacity in 
terminal 8 as voltage 8 is almost constant. Therefore influence of the parasitic capacity 
will be minimized. This makes an oscillating frequency higher to the working current 
running in the current controlled transistor 7 and makes lifts the linearity. Moreover, the 
noise put on a power source becomes small and the stability of an oscillating frequency is 
improved, because the working current of the entire voltage controlled oscillating circuit 
is also almost constant direct current. With this, influence by noise through other power 
sources can be minimized. 

[0014] 

As the number of transistors connected in series between the power sources is smaller 
compared with a prior voltage controlled oscillating circuit, a voltage of a power source 
can be lowered accordingly. Oscillating with higher frequency is possible as the influence 
of parasitic capacity by lowering a power voltage, is less likely as mentioned earlier. 

[0015] 

Further, as there is no need of a controlled voltage conversion circuit as in a prior voltage 
controlled oscillating circuit. The one controlled input terminal is enough. A voltage 
controlled oscillating circuit with high stability of frequency is easily achieved by 
operating the input terminal with low impedance. In addition to this advantage, the time 
lag of controlled voltage will never occur as in a prior voltage controlled oscillating 
circuit described previously. Therefore, the dynamic characteristic is also improved as 
response speed of an oscillating frequency to the time deviation in a voltage input into the 
controlled input terminal 11 becomes faster. 

[0016] 

The embodiment mentioned above is just one example of a voltage controlled oscillating 
circuit related to the present invention. In this example, a CMO transistor is used for 
differential amplifier 11, but bipolar transistor can be used. Also the load of the 
differential input transistor 9 and 10 is constituted of transistors, but can be constituted of 
just a resistance element. 

[0017] 

[Efficacy of the Invention] 

As described above, according to a voltage controlled oscillating circuit related to the 
present invention, the operation with a lower voltage from the power source is feasible 
compared with a prior technology. Therefore there is advantage in lowering power 
consumption as the oscillating frequency with high frequency can be obtained with low 
voltage from the power source. Also, as an entire operation of a voltage controlled 
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oscillating circuit is similar to a direct current operation, and stability of oscillating 
frequency is improved. On top of this, the influence of noise to other circuits through a 
power source can be reduced greatly. Further, there is no need of a controlled voltage 
conversion circuit as there is just one frequency controlled input terminal. Therefore, the 
circuit is made simple and the dynamic characteristic is improved. 
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[Brief description of drawings] 

[Fig.l] A figure showing one example of a voltage controlled oscillating circuit related to 
the present invention. 

[Fig. 2] A figure showing structural example of a differential amplifier 

[Fig. 3] A figure showing an example of a prior voltage controlled oscillating circuit. 

[Explanations of codes] 



1 


Differential amplifier 


2,3 


Differential input terminal 


4,5 


Differential output terminal 


6 


Current controlled input terminal 


7 


Current controlled transistor 


8 


Drain terminal of 7 


9, 10 


Differential input transistor 


11 


Controlled input terminal 


12 


Output terminal of a voltage controlled oscillating circuit 


20 


Controlled voltage conversion circuit 


21,22 


Current controlled transistor 


23 


Drain terminal of 21 


24 


Drain terminal of 22 
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[Title of Invention] A voltage controlled oscillating circuit 

[Abstract] 

[Objective] 

To provide a voltage controlled oscillating circuit to make a stable output of a high 
frequency oscillation with operation from a low voltage power source. 

[Construction] 

A voltage controlled oscillating circuit using multiple differential amplifiers. The 
differential voltage input terminals and the differential output terminals of the 
differential amplifiers, which are connected back and forth to one another, are connected 
in a series and a ring shape as their working polarity is set opposite in each other of 
differential voltage input terminals and differential output terminals of the differential 
amplifiers. A current controlled input terminalll of all the differential amplifiers are 
connected to one another, and constitute a controlled input terminal 11. 12 is the output 
terminal of a voltage controlled oscillating circuit. Any output terminal of any 
differential amplifier constituting a voltage controlled oscillating circuit can be used for 
this output terminal. Also, one of the differential amplifier output terminals is used for 
single output, but both of the differential output terminals of a differential amplifier can 
be used for a differential output. The output of multiple differential amplifiers can be 
used for multiple output terminals simultaneously. 



